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(54) Method for treating dielectric layers with low dielectric constant to reduce oxygen diffusion 


(57) Methods and aparatus for depositing low die- 
lectric constant layers (130, 134) in a copper metalliza- 
tion 6tackthat are resistant to oxygen diffusion and have 
low oxygen contents are provided. The layers may be 
formed by exposing a low dielectric constant layer to a 
plasma of an inert gas to density the low dielectric con- 


stant layer, by exposing the low dielectric constant layer 
to a nitrating plasma to form a passlvating nitride surface 
on the layer, or by depositing a thin passlvating layer on 
the low dielectric constant layer to reduce oxygen diffu- 
sion therein. The low dielectric constant layer may be 
deposited and treated In situ. 
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Descrlptl n 

[0001] The present invention generally relates to the 
fabrication of int grated circuits on substrat s and to a 
meth d for reducing oxygen diffusion into dielectric lay- 
ers. 

[0002} Consistent and fairty predictable Improvement 
in Integrated circuit design and fabrication has been ob- 
served in the last decade. One key to successful im- 
provements is the multilevel interconnect technology 
that provides the conductive paths in an Integrated cir- 
cu it (IC) device. The shrinking dimensions of conductive 
or semi-conductive substrate features such as horizon- 
tal lines and vertical contacts, vias, or Interconnects, in 
very large scale integration (VLSI) and ultra large scale 
integration (ULSI) technology, has increased the Impor- 
tance of improving the current density of semi-conductor 
devices. 

[0003] In order to further improve the current density 
f semiconductor devices on integrated circuits, it has 
become necessary to use conductive materials having 
tow resistivity and low dielectric constant (low k) mate- 
rials (defined herein as having dielectric constants, k, 
less than about 3.0 for dielectric layers and less than 
about 5.5 for etch stops and barrier layers) as insulating 
layers to reduce the capacttive coupling between adja- 
cent interconnects. Current dielectric material have rel- 
atively capacttive coupling between interconnects, 
which may lead to cross talk and/or resistance-capaci- 
tance (RC) delay, i.e., the time required to dissipate 
stored energy, that degrades the overall performance of 
semi-conductor devices. 

[0004] , -However, typical low k dielectric materials are 
generallyporous and require a barrier layer to prevent 
interiayer diffusion of materials into the low k dielectric 
materials. Conventional barrier layer materials typically 
have dielectric constants that are greater than 7.0, such 
as silicon nitride. When the conventional barrier layer 
materials are used in conjunction with low k dielectric 
materials, the resulting insulator stack typically minimiz- 
es the improved dielectric constant of the low k material 
effect and often produces a stack having a dielectric 
constant that is not much below 6.0. 
[0005] One additional difficulty in using traditional low 
k dielectric materials as insulating layers is the increase 
In the use of copper In Integrated circuits. Copper (Cu) 
Is becoming an interconnect material of choice because 
of copper's low resistivity (1 .7 lO-cm) and high current 
carrying capacity. However, copper diffuses more read- 
ily into surrounding materials and can alter the electronic 
device characteristics of the adjacent layers and, for ex- 
ample, form a conductive path across the dielectric lay- 
ers, thereby reducing the reliability of the overall circuit 
and may even result In device failure. This diffusion 
characteristic of copper, especially- with -regard- to the 
new low k films which tend to be porous and susceptible 
to diffusi n, increases the need for diffusion resistant 
barrier layers with low k characteristics. 


[0006] Silicon carbide (SfC) layers have been recog- 
nized as potential candidates for use as low k barrier 
materials. In particular, as disclosed in U.S. Pat nt Ap- 
plication Serial No. 09/165,248, entitled *A Silicon Car- 
5 bide Deposition For Use As A Barrier Layer And An Etch 
Stop", filed October 1, 1998, commonly owned by the 
assignee of the present application and incorporated by 
reference herein to the extent not inconsistent with the 
invention, silicon carbide layers are recognized as low 
10 k barrier layers. 

[0007] However, low k silicon carbide layers are po- 
rous and susceptible to oxygen diffusion into the layer, 
particularly the surface of the layer. Oxygen may react 
with the silicon material in the silicon carbide layer to 
?5 form oxides, which Is believed to increases the diffusion 
of conducting materials, such as copper, into silicon car- 
bide and reduce the overall effectiveness of the barrier 
layer. Oxygen diffusion into silicon carbide layers can 
occur by exposure to oxygen during deposition of the 
silicon carbide layer or during transport between 
processing chambers and duster tools when the layers 
may be exposed to an oxidizing environment 
[0008] Additionally, oxygen Incorporation in silicon 
carbide layers detrimentally affects bonding, or adhe- 
sion, of the layerto adjacent materials, especially to con- 
ducting metals such as copper, and may result in layer 
delamination of materials. Additionally, oxides formed in 
the silicon carbide layers typically have a lower density 
than the adjacent silicon-carbide material. The low den- 
sity oxide formation in the surface and upper portions of 
a layer can result in the deformation of layers as bulges 
or "humps", which are particularly undesirable for con- 
formally filling high aspect ratio features and may form 
voids and other deposition defects in subsequently de- 
posited materials. 

[0009] Therefore, there is a need for a process for re- 
ducing oxygen diffusion in low k layers. Ideally, the proc- 
ess would reduce oxygen content in barrier layers, such 
as silicon carbide layers used in copper metallization. 
[0010] Aspects of the invention generally relate to a 
method for producing low dielectric constant layers, 
such as silicon carbide, that are resistant to oxygen dif- 
fusion and have low oxygen content, which may be use- 
ful as passrvating and/or barrier layers in copper metal- 
lization. In one aspect of the invention, a method is pro- 
vided for processing a substrate comprising depositing 
a low dielectric constant layer on a substrate in a 
processing chamber, introducing a processing gas into 
the chamber, generating a plasma of the processing 
gas, and exposing the low dielectric constant layer to 
the plasma of the processing gas. 
[0011] In another aspect of the invention, a method is 
provided for processing a substrate, comprising depos- 
iting a silicon carbide la yer on the s ubstrate in a process— 
I rig" chamber, introducing a processing gas selected 
from the group of an inert gas, a nitrating gas, and com- 
binati ns thereof, into the processing chamber, g ner- 
ating a plasma of the processing gas, and modifying a 
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surface of the silicon carbld layer by xposing the sili- 
con carbide layer to the plasma of the processing gas 
t form a pass ivating surface n the silicon carbid layer. 
The inert gas may comprise helium, argon, and combi- 
nations thereof, and th nitrating gas may comprise am- 
monia, nitr gen, a nftr gen and hydrogen mixture, ni- 
trous oxide, and combinations thereof. 
[0012] In another aspect, the invention provides a 
method for forming a low dielectric constant barrier layer 
n a substrate comprising depositing a low dielectric 
constant layer on the substrate, and then depositing a 
thin passtvating layer on the low dielectric constant lay- 
er. The passtvating layer comprises a silicon and nftro- 
gen containing material such as silicon nitride or silicon 
oxy nitride. 

[0013] So that the manner in which the above recited 
aspects of the invention are attained and can be under- 
stood in detail, a more particular description of the in* 
vention, briefly summarized above, may be had by ref- 
erence to the embodiments thereof which are illustrated 
in the appended drawings. 

[0014] It is to be noted, however, that the appended 
drawings illustrate only typical embodiments of this in- 
v ntion and are therefore not to be considered limiting 
of its scope, for the invention may admit to other equally 
effective embodiments. 

[0015] Figure 1 shows a cross-sectional view of one 
commercially available CVD plasma processing cham- 
ber in which the process of the invention may be per- 
formed; 

[0016] Figure 2 shows a X-ray Photoelectron Spec- 
troscopy (XPS) plot of atomic concentration of a silicon 
carbide layer treated by an inert gas plasma; 
[0017] Figure 3 shows a XPS plot of atomic concen- 
tration of a silicon carbide layer treated by an nitrating 
gas plasma; 

[0016] Figure 4 shows a cross -sectional view of a sub- 
strate having a plasma treated silicon carbide layer 
formed thereon; 

[001 9] Figure 5 shows a XPS plot of atomic concen- 
tration of another silicon carbide layer with a passtvating 
layer deposited thereon; 

[0020] Figure 6 shows a cross-sectional view of a sub- 
strate having a capped sflfcon carbide layer. 
[0021] The invention win now be described In refer- 
ence to a plasma process and to a chemical vapor dep- 
osition process that can be carried out using processing 
equipment, such as a Centura® platform, available from 
Applied Materials, Inc., located in Santa Clara, Califor- 
nia. The equipment preferably Includes an integrated 
platform having a CVD chamber, such as a DxZ™ CVD 
chamber or a Producer™ CVD Chamber, both of which 
are available from Applied Material Inc. of Santa Clara, 
California. The following chamber description Is Illustra- 
ti ve and sho uld not be construed or interpreted as lim~ 
iting the scope of the inv ntion. 
[0022] Figure 1 is a cross-sectional view of a CVD 
chamber capable of gen rating and maintaining a plas- 


ma in which the abov described processes may be per- 
formed. Chamber 1 0 contains a gas distributl n plate 1 1 
disposed above substrate support plate orsusceptor 12 
and defines a processing region therebetween for 
s processing a substrate 16. Susceptor 12 can be resis- 
tivery heated and Is m unted on a support st m 13 so 
that susceptor 1 2 can be controllabty moved by a lift mo- 
tor 14 between a lower loading/off-loading position and 
an upper, or processing, position. When the susceptor 
to 12 is in the processing position, an Insulator ring 17 is 
disposed circumferentially around the susceptor 12 and 
any substrate 16 disposed thereon. Processing gases 
introduced into the chamber 10 via Inlets (not shown) of 
the gas distribution plate 11 and are uniformly distribut- 
es ed radially across the processing region and substrate 
surface. The processing gases are exhausted through 
a port 24 by a vacuum pump system 32. 
[0023] A thermal or plasma enhanced process may 
be performed In chamber 1 0, and preferably the plasma 
enhanced process Is used for the post deposition layer 
treatments of the Invention, in a plasma process, a con- 
trolled plasma can be formed adjacent to the substrate 
by applying RF energy to the gas distribution plate 11 
from RF power supply 25 with susceptor 12 grounded. 
A RF power supply 25 can supply either single or mixed 
frequency RF power to the gas distribution plate 11 to 
enhance the decomposition of any reactive species in- 
troduced Into chamber 15. A mixed frequency RF power 
supply typically supplies power at a high RF frequency 
(RF1) of about 13.56 MHz and at a low RF frequency 
(RF2) of about 350 kHz. 

[0024] Typ realty, the chamber lining, the gas distribu- 
tion plate 11, the susceptor 12, and various other 
processing chamber hardware are made out of alumi- 
num or anodfzed aluminum. An example of a CVD 
processing chamber is described in U.S. Patent No. 
5,000,113, entitled "A Thermal CVD/PECVD Process- 
ing chamber and Use for Thermal Chemical Vapor Dep- 
osition of Silicon Dioxide and tn-situ Multi-step 
Planarized Process" , Issued to Wang et a/, and as- 
signed to Applied Materials, Inc., the assignee of the in- 
vention, and is incorporated by reference herein to the 
extent not inconsistent with the invention. 
[0025} The lift motor 14 raises and lowers susceptor 
12 between a processing position and a lower, sub- 
strate-loading position. A system controller 34 controls 
the motor, the gas mixing system 1 9, and the RF power 
supply 25 over control lines 36. The processing cham- 
ber includes analog assemblies, such as mass flow con- 
trollers (MFCs) and standard or pulsed RF generators, 
that are controlled by the systom controller 34 which ex- 
ecutes system control software stored in a memory 36, 
which in the preferred embodiment Is a hard disk drive. 
Motors and optical sensors_can_be_used to move and- 
determfne the position of movable mechanical assem- 
blies such as the throttle valve of the vacuum pump 32 
and motor for positioning the susceptor 12. 
[0026] The system controller 34 controls the activities 
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of the CVD processing chamb rand may include a hard 
disk drive, a floppy disk drive, and a card rack. Th card 
rack contains a single board computer (SBC), analog 
and digital input/ utput boards, interface b ards and 
stepper motor controller boards. The system control! r 
conforms to the V rsa Modular Eur peans(VME) stand- 
ard which defines board, card cage, and connector di- 
mensions and types. The VME standard also defines 
the bus structure having a 1 6-bit data bus and 24-bit ad- 
dress bus. The system controller 34 operates under the 
control of a computer program 6tored on the hard disk 
drive 38. TTie computer program dictates the timing, 
mixture of gases, RF power levels, susceptor position, 
and other parameters of a particular process. 
[0027] Theparticutarembodimentoftheapparatus 10 
shown herein is provided to illustrate the invention, and 
should not be construed or interpreted as limiting the 
scope of the invention. 

[0026] Aspects of the invention will now be described 
with reference to preferred processes practiced using 
the above described processing system. Aspects of the 
invention generally relate to methods for producing low 
dielectric constant layers, such as silicon carbide, that 
are resistant to oxygen diffusion and have low oxygen 
content, which may be useful as passfvating and/or bar- 
rier layers in copper metallization. The layers may be 
formed imsitu or ex situ with reduced oxygen contents 
by exposing the low dielectric constant layer to a plasma 
of an inert gas to density the layer and form a passK/ati ng 
surface, by exposing the low dielectric constant layer to 
a nitrating plasma to form a passfvating nitride surface 
on the layer, or by depositing a thin passlvatlng layer on 
the low dielectric constant layer to reduce oxygen diffu- 
sion into the layer. 

[0029] A passhiating surface is broadly defined herein 
as material or a layer of material which reduces diffusion 
of moisture, oxygen, and other adverse conditions 
which the surface or layer may be exposed to under am- 
bient conditions or by process contamination. The pas- 
sivating surface may also reduce diffusion of conductive 
metals such as copper In situ Is broadly defined herein 
as performing two or more processes in the same cham- 
ber or in the same processing system without breaking 
vacuum or without exposing the material to intermediate 
contamination environments. 

[0030] In one embodiment, a low k dielectric layer is 
deposited and then treated by a plasma process accord- 
ing to the invention described herein to form a passrvat- 
ing surface on the low k dielectric layer. The plasma 
process may be used to treat a low k dielectric layer, 
such as silicon carbide, for use as a low k dielectric pas- 
slvatlng and/or barrier layer. 

[0031 ] A low k dielectric layer comprising silicon car- 
bide can be deposited from a carbon containing silicon 
sourc e material su pplied to_a plasma processing cham-— 
~ber at a flow rate between about 10 and about 1000 
standard cubic centimeters (seem). The carbon contain- 
ing silicon source material comprises one or more orga- 


n silan precursor, such as trfmethybilane, dlmethytsl- 
lane, methylsilane, and combinations thereof. Alterna- 
tively, separate silicon containing and carb n containing 
process gases, such as sitane and methane respective- 
ly can be introduced into the processing chamber for 
deposition of silicon carbid . 

[0032] An inert gas, such as helium, argon, and com- 
binations thereof is also supplied to the chamber at a 
flow rate between about 50 seem and about 5000 seem. 

10 The chamber pressure is maintained between about 
100 milliTorr and about 15 Torr. The substrate surface 
temperature is maintained between about 100*C and 
about 450°C during the deposition process. The gas dis- 
tribution plate 1 1 is spaced between about 200 mils and 

is about 600 mils (thousandths of an inch) from the sub- 
strate. 

[0033] Power from a single 13.56 MHz RF power 
source is supplied to the chamber 1 0 to form the plasma 
at a power density between about 0.3 watts/cm 2 and 

zo about 3.2 watts/cm 2 , or a power level between about 
1 00 watts and about 1 000 watts for a 200 mm substrate. 
A power density between about 0.9 watts/cm 2 and about 
2.3 watts/cm 2 , or a power level between about 300 watts 
and about 700 watts for a 200 mm substrate, is prefer- 

25 ably supplied to the processing chamber to generate the 
plasma. 

[0034] One exemplary processing regime for depos- 
iting a silicon carbide material comprises Introducing a 
processing gas including trimethytsilane to a processing 

30 chamber at a flow rate between about 30 seem and 500 
. seem, and introducing an inert gas of argon into the 
processing chamber at a rate between about 100 seem 
and about 2000 seem, maintaining a chamber pressure 
between about 3 Torr and about 10 Torr, maintaining a 

35 substrate surface temperature between-about 200*C 
and about 400°C, and supplying between about 300 
watts and 700 watts to the chamber to generate the plas- 
ma of the processing gas. The gas distribution plate 11 
is spaced between about 300 mils and about 600 mils 

*o from the substrate. 

[0035] The low k silicon carbide layers deposited by 
the processes described above are hydrogenated sili- 
con carbide layers having dielectric constants of about 
5.5 or less for use as barrier layers. Additionally, the low 

45 k silicon carbide layers deposited from the process re- 
gimes described above have been observed to have a 
layer composition of about a 1:1 molar ratio of silicon 
and carbon with hydrogen comprising between about 
30% and about 45% of the layer by atomic concentra- 

50 tion. The low k silicon carbide layers may be used as 
passivating layers, barrier layers, etch stops, and anti- 
reflective coatings in forming semi-conductor devices. 
[0036] Processes for depositing silicon carbide layers 
with low dielectric constants are more_fully_described in- 

55 — co^eriding"0nited States Patent Application Serial No. 
09/1 65,248, filed Oct ber 1 , 1 998, in co-pending United 
States Patent Application Serial No. 09/219,945, filed 
December 23, 1998, and in co-p nding United States 
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Patent Application Serial No. 09/270,039, filed March 
16, 1999, which descriptions are incorporated by refer- 
nce herein t the extent not Inconsistent with the in- 
vention. The embodiments described herein for depos- 
iting silicon carbide layers are provided to illustrate the 
inv ntion.th particular embodiment shown should not 
be used to limit the scope or the invention. The Invention 
also contemplates other processes and materials used 
to deposit silicon carbide layers. 
[0037] tn one embodiment of the Invention, the above 
deposited low k silicon carbide layer is exposed to a 
plasma of an inert gas to densify the layer surface to 
form a passfvating surface and to reduce oxygen diffu- 
sion into the layer. A substrate is positioned in a process- 
ing chamber and an inert gas selected from the group 
of helium, argon, and combinations thereof is introduced 
into the chamber at a flow rate between about 200 seem 
and about 2000 seem. A chamber pressure between 
about 1 Torr and about 12 Torr is achieved and main- 
tained during the plasma treatment process. The sub- 
strate is maintained at a temperature of about 100 *C 
and about 450°C. The substrate temperature Is prefer- 
ably maintained at about 350*C during the plasma treat- 
ing process. 

[0038] A plasma of the inert gas is generated by sup- 
plying a RF power density between about 0.08 watts/ 
cm 2 and about 8.4 watts/cm 2 , or a RF power level be- 
tween about 25 and about 2000 Watts for a 200 mm sub- 
strate, to the processing chamber. A RF power density 
between about 0.3 watts/cm 2 and about 3.2 watts/cm 2 , 
r a RF power level between about 1 00 and about 1 000 
Watts for a 200 mm substrate, is preferably supplied to 
generate a plasma. The plasma treatment is performed 
for between qbout 30 and about 1 20 seconds. The plas- 
ma to treat the deposited layer may be performed in situ. 
with the deposition of the low k silicon carbide layer. 
[0039] One treatment process for the deposited sili- 
con carbide layer is performed by introducing hefium in- 
to the chamber containing a 200 mm substrate at a flow 
rate of about 400 seem. A chamber pressure of about 6 
Torr and a substrate temperature of about 350*C Is 
achieved and maintained during the treatment process. 
A plasma is generated by supplying a RF power density 
between about 1 2 watts/cm 2 and about 1 .6 watts/cm 2 , 
or a RF power between about 400 watts and 500 watts, 
to the processing chamber for about 50 seconds to treat 
the silicon carbide layer. 

[0040] An example of a preferred treatment process 
for the deposited silicon carbide layer is performed by 
introducing hefium into the chamber containing a 200 
mm substrate at a flow rate of about 1 300 seem, main- 
taining a chamber pressure of about 8.7 Torr, maintain- 
ing a substrate temperature of about 350°C, applying 
about 250 watts to the processing chamber to generate 


different processing chamber within the same Integrat- 
ed syst m, i.e. , without breaking vacuum between proc- 
esses. It has b en bserved that the inert gas plasma 
treatment described herein produces a silicon carbide 
5 layer having an oxygen content of less than about 6% 
atomic concentration. 

[0042] Figure 2 shows a X-ray Photoelectron Spectro- 
py (XPS) plot of atomic concentration (atomic %) In re- 
lation to the sputtering time (min) of a 500A thick silicon 

to carbide layer treated according to the Inert gas plasma 
process described herein. The plot describes the atomic 
concentration of the elements of the layer, except hy- 
drogen, In relation to the depth of the layer. The XPS 
data is collected after each one minute sputtering of the 

'5 layer, which removes material at a rate of about 20A and 
about 25A per minute. The x-axis of Figure 2, the sput- 
tering time, is an indication of the concentration of the 
elements at various depths of the layer. The y-axis of 
Figure 2 indicates the concentration of the elements, 

SO where carbon is referenced by C, silicon Is referenced 
by Si, oxygen is referenced by O, and nitrogen Is refer- 
enced by N , in the layer according to the time of the sput- 
tering procedure. 

[0043] It was observed that the average oxygen con- 

25 centration of the layer is demonstrated to be between 
about 4% and about 6% following the inert gas plasma 
treatment, which is less than the expected 10% to 15% 
oxygen concentration known to occur in untreated sili- 
con carbide layers. 

30 [0044] It is believed that the plasma species formed 
In the inert gas densify the surface of the layer by re- 
moving material such as carbon and hydrogen from the 
film, removing pores formed in the material, and remov- 
ing or reducing voids and other such layering defects 

35 formed therein. A comparison of the density of the sur- 
face of the silicon carbide material (approximately 90 A 
to 100 A) compared to the underlying bulk silicon car- 
bide material (approximately 390 A to 420 A) indicated 
a surface density of about 1.45 a/cm 3 to about 1.59 p/ 

40 cm 3 versus a bulk density of about 2.08 g/cm 3 and about 
2.14 g/cm 3 . 

[0045] It is further believed that densifying the surface 
provides a passivating surface resistant to oxygen dif- 
fusion into the layer, which produces a layer having an 

45 enhanced resistance to diffusion of oxygen and oxida- 
tion of the layer material as well as Improved adhesion 
to adjacent layers in comparison to untreated silicon car- 
bide layer. It is also believed, the denser surface Is more 
resistant to diffusion of other materials, such as copper, 

so used in semi-conductor manufacturing. 

[0046] In another embodiment of the Invention, a low 
k silicon carbide layer Is exposed to a plasma of a nitrat- 
ing gas to form a nitrogen rich surface on the silicon car- 
bide la yer. J!he_nitrogen-rich-surfaceof-the silicon car-~~~ 


-a plasmarand maintaining theplasma for about 50 sec- 
nds. 

[0041] Th plasma treatment may be pert rmed in 
situ within th silicon carbide deposition chamb r or a 


55 bide layer may include silicon nitride, silicon carbon ni- 
tride, silicon xynitride, or silicon carbon oxynftrid , and 
rs referred to herein as a nitrfded surface. The nitrating 
gas is selected from the group of amm nia, nitrogen, 
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nitrous oxide, and combinations thereof. Ammonia Is 
generally used for forming the nitrided surface du t 
ammonia's ease of disassociation at high processing 
temperatures, /.e„ greater than 250*C and ammonia's 
ease of disassociation in the presence of a plasma. 
[0047] The nitrided surfac described herein may be 
formed on a silicon carbide layer by the following proc- 
ess. A substrate Is positioned In a processing chamber 
and a nitrating gas is introduced into the processing 
chamber at a flow rate between about 100 and about 
3000 seem. The processing chamber is maintained at a 
pressure between about 1 00 milliTorr and about 25 Torn 
Hie pressure of the chamber is preferably maintained 
between about 1 Torr and about 12 Torr, with a pressure 
between about 5 and about 10 Torr being most pre- 
ferred. The substrate is maintained at a temperature be- 
tween about 1 00°C and about 500*C during the plasma 
treatment. 

[0048] A plasma is generated by supplying a power 
density between about 0.08 watts/cm 2 and about 6.4 
watts/cm 2 , or a RF power level between about 25 and 
about 2000 Watts for a 200 mm substrate, to the 
processing chamber. A RF power density between 
about 0.3 watts/cm 2 and about 32 watts/cm 2 , or a RF 
power level between about 100 and about 1000 Watts 
for a 200 mm substrate, is preferably supplied to gener- 
ate a ptasma^The layer is exposed to the nitrating plas- 
ma for between, about 10 seconds and about 120 sec- 
onds to produce a nitrate surface between about 50 A 
(Angstroms) and about 400 A thick. The plasma treat- 
ment may be performed in situ within the same chamber 
as the sflicon carbide deposition or in a different cham- 
ber within the same integrated system. 
[0049] One^exemplary nitrating plasma treatment for 
the deposited low k dieleiric layer comprises providing 
ammonia at a flow rate between about 200 seem and 
about 600 scan to a process chamber containing a 200 
mm substrate having a silicon carbide layer formed ther- 
eon, maintaining a chamber pressure between about 8 
Torr and about 9 Torr, maintaining the substrate at a tem- 
perature between about 300*C and about 400*C during 
the nitrating step, supplying a RF power density be- 
tween about 1 .2 watts/cm 2 and about 1 .6 watts/cm 2 , or 
a RF power between about 400 Watts and about 500 
Watts to the processing chamber to generate a plasma, 
and maintaining the plasma between about 5 and about 
60 seconds to modify the surface of the silicon carbide 
layer to produce a nitrate surface. The plasma may be 
generated in one or more treatment cycles. Alternative- 
ly, the silicon carbide layer is exposed to the plasma 
process for between about 20 and about 60 seconds. 
[0050] The nitrating gas may further comprise an inert 
gas, such as argon and helium, to help treat the surface 
f the layer, as well as to assist in stabilizing the gas flow 
and the plasma reaction. Inert gases that can be used- 
"in conjunctlon with th nitrating process are introduced 
into th processing chamber at a flow rate of less than 
about 2000 seem. The nitrating gas may also comprise 


a reactive gas, such as hydrogen, whi h can assist In 
removing contaminants in the layer during the nitrating 
process. 

[0051 ] The plasma treatm nt may be performed In 
5 situ within the silicon carbid deposition chamber or a 
differ nt processing chamber within the same Integrat- 
ed system, I.e., without breaking vacuum between proc- 
esses. It has been observed that the nitrating gas plas- 
ma treatment described herein produces a silicon ear- 
to bide layer having an oxygen content of less than about 
6% atomic concentration. 

[0052] Figure 3 shows a X-ray Photoelectron Spectro- 
py (XPS) plot of atomic concentration (atomic %) in re- 
lation to the sputtering time (min) of a 500 A thick silicon 

is carbide layer deposited as described herein on a silicon 
substrate. The silicon carbide layer was treated using 
ammonia with a flow rate of about 400 seem, maintain- 
ing a chamber pressure of about 8 Torr, generating a 
plasma by supplying a RF power of about 350 watts for 

*° a 200 mm substrate, and maintaining the substrate tem- 
perature at about 350°C. The y-axls of Figure 3 Indi- 
cates an average oxygen concentration in the layer of 
about 4% atomic concentration which is lower than the 
expected 10% to 15% oxygen concentration observed 

2 s in untreated silicon carbide layers. 

[0053] While a nitrogen plasma is used fn one embod- 
iment of a plasma treatment method for forming a nitrid- 
ed surface on the silicon carbide layer, the nitrating gas 
may be provided over the layer and a different reaction, 

30 such as a thermal reaction, may facilitate the nitrating 
reaction between the layer and the nitrating gas. 
[0054] In this alternative embodiment of the invention, 
the deposited low k silicon carbide layer may be ex- 
posed to the nitrating gas during a thermally enhanced 

■35 process to .devolve oxygen from the.leyer.and form a 
nitrided surface on the layer. A thermal process includes 
introducing the nitrating gas into the processing cham- 
ber at a flow rate between about 100 and about 3000 
seem, maintaining the chamber pressure between 

40 about 5 Torr and about 25 Torr, and maintaining the sub- 
strate at a temperature between about 350°C and about 
500°C during the treatment process. Alternatively, the 
chamber pressure can be maintained at between about 
8 Torr and about 10 Torr during the annealing process. 

4* The substrate is preferably maintained at a temperature 
of about 450°C during the annealing process. 
[0055] The nitrided surface is believed to form a thin 
passivating nitride surface of silicon nitride, silicon car- 
bon nitride, silicon oxynitride, or silicon carbon oxyni- 

50 tride on the silicon carbide layer as nitrogen is incorpo- 
rated into the layer. The nitrided surface is more resist- 
ant to oxygen diffusion into the silicon carbide layer than 
untreated silicon carbide layers. It is also believed that 
the passivating nitrided surface will not noticeably, ln= 

55— crease the dielectric constant of the silicon carbide layer. 
It is further believed that nitrating the layer surface will 
produce atomic bonding of nitrogen to the amorphous 
silicon carbide lay r, thereby enhancing interfadal 
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bonding and adhesion while reducing tnteriayer d fects 
with adjacent layers. Further, it has been observed that 
the nitrided surface has a greater resistance to diffusion 
of other materials, such as waterand copper, than layers 
containing silicon oxides, thereby enhancing the barrier s 
properties of a silicon carbide layers in copper metalli- 
zation processes. 

[0056] Figure 4 illustrates use of a low k silicon car- 
bide layer as a barrier layer in a copper metallization 
stack 100 formed by treating the silicon carbide layer "> 
with either an inert gas or nitrating plasma of the inven- 
tion. The barrier layer 134 was created using the low k 
silicon carbide deposition process regime described 
above. The metallization stack 100 is formed by first de- 
positing an oxide layer 132 about 5000 A thick on a sil- 1* 
icon substrate 130. A first low k silicon carbide banner 
layer 134 was then deposited on the oxide layer 132 to 
a thickness of about 800 A. Next, the first tow k silicon 
carbide barrier layer 1 34 is plasma treated by either an 
inert gas or by an nitrating gas process described herein so 
to provide a diffusion resistant surface 136. Next, a cop- 
per layer 138 about 5000 A thick is deposited on the 
diffusion resistant surface 136 of the first low k silicon 
carbide barrier layer 134. A second low k silicon carbide 
barrier layer 140 is deposited on the copper layer 138 25 
to a thickness of about 800 A, and an oxide layer 142 
about 1 000 A thick Is deposited on the second low k sil- 
icon carbide barrier layer 140. Alternatively, a metal ni- 
tride barrier layer, such as titanium nitride (TiN) or tan- 
talum nitride (TaN), may also be deposited prior to the 30 
copper layer to further limit interfayer diffusion into the 
silicon carbide layer 134 by the copper layer 138. The 
above metallization stack 1 00 is provided for illustrative 
purposes: and should not be construed or interpreted as 
limiting the scope of the Invention. For example, the. sil- .. 35~ 
icon carbide layer 140 may perform as an etch stop or 
as an anti-reflectfVe coating for forming features in a du- 
al damascene fabrication. 

(0057] In another embodiment, capping the silicon 
carbide layer with a thin passh/atlng layer comprising sil- 40 
icon and nitrogen may reduce oxygen diffusion Into a 
low k silicon carbide layer. The passivating layer may 
comprise silicon nitride, silicon carbon nitride, silicon ox- 
ynitride, or silicon carbon oxynitride. 
[0058] A passivating layer is deposited on a silicon 45 
carbide layer by introducing a silicon containing gas at 
a flow rate between about 50 seem and about 1000 se- 
em and a nitrogen containing gas at a flow rate at be- 
tween about 50 seem and about 2000 seem into the 
process chamber. The silicon containing gas is selected so 
from the group of silane, methyleilane, trtmethytsilane, 
substituted derivatives thereof, and combinations there- 
f. The nitrogen containing gas is selected from the 
group of ammonia, nitrogen, nitrous oxide, and combl- 
nati ons thereof. The nitrat ing Qas mav contain oxvoen; — ss- 
"such as in nitrous oxide, to deposit a silicon oxynitride 
passivating layer. 

[0059] The substrate is maintained at a temperature 


between about 100°C and about 550*C. The chamber 
pressure is maintained at between about 1 Torr and 
about 25 Ton*. The chamber pressure is preferably main- 
tained between about 4 Torr and 5 Ton- during th dep- 
osition process. A RF power density between about 0.3 
watts/cm 2 and about 3.2 watts/cm 2 ; r a RF power level 
between about 100 Watts and about 1000 Watts for a 
200 mm substrate, is preferably supplied to the process- 
ing chamber to generate a plasma of the processing 


[0060] The silicon nitride layer may be deposited to a 
thickness between about 25 A and about 500 A. The 
passivating layer is preferably deposited to a thickness 
between about 50 A and about 200 A. It is contemplated 
that layer may be deposited to any thickness dependent 
upon the processing application using a silicon carbide 
layer and passivating layer. 

[0061 ] The passivating layer may be deposited on the 
silicon carbide layer in situ within the same processing 
chamber or in a different chamber within the same Inte- 
grated system, I.e., without breaking vacuum between 
processes. The passivating layer ts preferably deposit- 
ed in situ following deposition of the low k silicon carbide 
layer to prevent exposure of the silicon carbide layer to 
the atmosphere where contamination and oxidation 
may occur The silicon nitride and silicon oxynitride lay- 
ers have a carbon content of less than about 5% atomic 
concentration. While the silicon nitride and silicon oxyni- 
tride are illustrated as being deposited by the method 
described above, other methods and materials capable 
of depositing passivating layers comprising silicon and 
nitrogen are contemplated by this invention. 
[0062] Figure 5 shows a X-ray Photoelectron Spectro- 
py (XPS) plot of atomic concentration (atomic %) In re- 
lation to the sputtering time (min) of a 500A thick silicon 
carbide layer deposited as described above on a silicon 
substrate, and capped by a layer containing sflteon and 
nitrogen as described In the preceding paragraph. The 
passivating layer was deposited by introducing trimeth- 
ytsilane Into the processing chamber at a rate of about 
115 seem and introducing ammonia into the processing 
chamber at a rate of about 1500 seem, maintaining a 
chamber pressure between about 4 Torr and about 5 
Torr, generating a plasma by supplying a RF power of 
about 350 watts for a 200 mm substrate, maintaining the 
substrate at a temperature of about 350° C while react- 
ing trimethylsilane and ammonia. 
[0063] The passivating layer was deposited to a thick- 
ness of approximately 400 A. The passivating layer may 
be deposited at a thickness of less than 400 A to mini- 
mize the overall impact of the k value of a SIN/SIC stack. 
The y-axis of Figure 5 Indicates an average oxygen con- 
centration in the layer of about 2% and about 4% atomic 
concentration following the de position of the passrvating— 
layer,~which"ls lower than the expected 10 to 15% oxy- 
gen concentration observed in untreated silicon carbide 
layers. 

[0064] As shown in Figure 5, at about 20 minutes dur- 
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ing the sputtering process, the silicon nitride layer was 
sputtered through and th silicon nitride layer composi- 
tion was measured. At this change In layer composition, 
the oxygen concentration did not vary from the observed 
averag of ab ut 2% to 4% indicating th fris/ft/depo- s 
sition f the layer reduced oxygen contamination In the 
silicon carbide layer. It is believed that the plasma en- 
hanced deposition of the thin passivating layer estab- 
lishes a diffusion resistance layer on the silicon carbide 
layer to form an Integrated barrier layer that has good to 
diffusion resistance to oxygen without adversary affect- 
ing the overall dielectric constant of the barrier layer. 
Further, it Is believed that since silicon nitride and silicon 
xynltride have greater diffusion resistance to conduct- 
ing metals, such as copper, that the silicon nitride pas- « 
sivating layer will improve silicon carbide barrier prop- 
erties. 

[0065] Figure 6 illustrates the use of the low k silicon 
carbide barrier layer capped by a silicon nitride passi- 
vating layer according to the invention. The metallization 20 
stack 200 is formed by nrst depositing a oxide layer 232 
about 5000 A thick on a silicon substrate 230. A first low 
k silicon carbide barrier layer 234 is then deposited by 
the processes described herein on the oxide layer 232 
to a thickness of about 800 A. Next, a silicon nitride pas- 25 
sivating layer 236 is deposited the first low k silicon car- 
bide barrier layer from the plasma enhanced deposition 
of trimethyisllane and ammonia to a thickness of about 
4O0A. A copper layer 238 about 5000 A thick is then 
deposited on the silicon nitride layer 236 of the silicon 30 
carbide barrier layer 234. While not shown, a metal ni- 
tride barrier^layer, such as titanium nitride (TIN) or tan- 
talum nitride (TaN), may also be deposited prior to the 
copper layerto limit copper diffusion Into the silicon car- 
bide layer 234. Next a second low k silicon carbide bar- 35 
rier layer 240, formed as described above, is deposited 
on the copper layer 238 to a thickness of about 800 A, 
fol lowed by an about 1000 A thick oxide layer 242. 
[0066] It is generally believed that the plasma treat- 
ments described herein Improve the diffusion resist- *o 
ance, provide Improved interlayer bonding and adhe- 
sion to adjacent materials of low k layers, such as silicon 
carbide. It \s also believed that and the plasma treat- 
ments decrease the resistance or impedance of the 
combined layers of the metallization as well as reduce 45 
contaminants, such as oxygen, from Increasing the di- 
electric constant of the deposited silicon carbide layers. 
As a passivating andfor barrier layer, the low oxygen 
content low k materials may reduce the interlayer diffu- 
sion of copper and may also minimize the contribution 5 ° 
f the passivating and/or barrier layer to the capacitive 
coupling between interconnect lines. While the following 
description refers to treating low ksilicon carbide layers, 
the Invention also contemplates applying the described 
processes to other porpus layers and other tow k layers~55— 
"known in the art and used in semlconduct r manufac- 
turing. 

[0067] While foregoing is directed to the preferred em- 


bodiment of the pr s nt invention, other and further em- 
bodiments of the Invention may be devised without de- 
parting from the basic scop thereof, and the scope 
th reofisd termined by the claims that follow. 


Claims 

1. A method for processing a substrate, comprising: 

depositing alow dielectric constant layer on the 
substrate in a processing chamber; 
introducing a processing gas into the process- 
ing chamber; 

generating a plasma of the processing gas in 
the processing chamber; and 
exposing the low dielectric constant layerto the 
plasma of the processing gas. 

2. A method as claimed in claim 1 , wherein the low 
dielectric constant layer has an oxygen content of 
about 6% or less by atomic concentration. 

3. A method as claimed in claim 1 , wherein the low 
dielectric constant layer comprises silicon carbide. 

4. A method as claimed In any of claims 1 to 3, wherein 
exposing the low dielectric constant layer to the 
plasma increases the density of a surface of the low 
k dielectric constant layer. 

5. A method as claimed in any of claims 1 to 4, wherein 
the processing gas is an inert gas selected from the 
group consisting of helium, argon, and combina- 
tions thereof. ... 

6. A method as claimed in any of claims 1 to 4, wherein 
the processing gas is a nitrating gas selected from 
the group consisting of ammonia, nitrogen, nitrous 
oxide, and combinations thereof. 

7. A method as claimed in claim 6, wherein the nitrat- 
ing gas forms a nrtrided surface on the low dielectric 
constant layer. 

8. A method as claimed In any of claims 1 to 7, wherein 
exposing the low dielectric constant layer to the 
plasma comprises supplying a power density be- 
tween about 0.08 watts/cm 2 and about 6.4 watts/ 
cm 2 to the processing chamber to generate the 
plasma. 


9. 


A method as claimed in claim 8, wherein the low 
diel ectric constant la yerjs_exposed-to the plasma- 
foTbetween about 1 0 and about 120 seconds. 


10. A method as claimed in any of daimsl to 9, wherein 
the chamber pressure is between about 100 milllTo- 
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11. Am thodasdaimedinanyofdaims1to4 wherein 

£££ ,hG S f "** int -^a 
praoessfng gas of an inert gas, a nitrating gas or 

1 1£ f b0Ut 3000 " wn or ">«"™n- 
' ng the P«**sslng chamber at a pressure of be- 

the plasma by supplying a power density between 
about 0.3 watts/cm* and about 3.3 
Passing chamber, and maimaining the plasma 
between about 20 and about 60 seconds. 


19 ' sHHH? 85 C ' a,med da »" 18. wherein th low 

for between about 20 and ab ut 60 seconds. 

20. A meihod as claimed in any f claims 13 to 19 
therein me chamber pressure Is between abort i 
Torr and about 12 Torr. 


12. Awftod as claimed In daim 11. wherein the low 

abou^^'^^ ^ "W" «"«"« <* 
about a% or less by atomic concentration. 

13. A method for processing a substrate, comprising: 

depositing a silicon carbide layer on the sub- 
strate in a processing chamber- 
introducing a processing gas selected from the 
group of an Inert gas. a nitrating gas. or combi- 
nations thereof. Into the processing chamber 
generating a plasma of the processing gas in 
the processing chamber; and 
modifying a surface of the silicon carbide layer 
by exposing the silicon carbide layer to the 
plasma of the processing gas to form a passi- 
vatlng surface on the silicon carbide layer. 

14. A method as claimed in daim 13. wherein the inert 

gas isseiectedfrom the group consisting of helium 
• argon, and combinations thereof. 

15. Amethodasclalmedinclaim13orclaim14.where- 
intheprocessinggas is an Inert gas and the density 
rtrte surface of the silicon carbide layer is in- 


ng me substrate comprises introducing a process- 
ing gas of an ,nert gas, a nitrating gas, or combina- 

?1H f^"! 3000 m or staining the 

suppV.nga powerdensity between about 1.2 watts? 
cm* and about 1.6 watts/cm* to the processing 
chamber, and maintaining the plasma between 
about 20 and about 60 seconds. 

SO 

22. A method as claimed in any of claims 13 to 21 
where*, the silteon carbide byer is a barrier .aye, 

E£C apassiva,ten toyer - oran 

23. A method as daimed in any of daims 13 to 22 
where* the sflicon carbide I ayer has an oxygen' 
content of about 6% or less by atomic concS 

30 

24. A method forforming a low dielectric constant bar- 
rier layer on a substrate, comprising: 


16. AmethodasdaJmedindaim 13. wherein the nitrat- 

^gflas«setectedfrom the group consistingof am- 
monia mtrogen, nitrous oxide, and combinations 


deposing a silicon carbide layer on the sub- 
* K ' - • strate; and 

deposing a passivating layer comprising sili- 
con and nitrogen on the silicon carbide layer. 

25. A method as claimed in daim 24, wherein the pas- 
sing layer comprises silicon nitride orsilicon ox- 
ynitnde. 


45 


17. Amethodasclalmedlndalm13ordahi 16. where- 

a nitrided surface is formed on the low dielectric 
constant layer. ^ 

18. Amemod as daimed in any of claims 13 to | 7 , 
wherein exposing the low dielectric constant layer 
to toe plasma comprises suppfylng a powerdensity 

y* 1 ^ °-3 watlafemz a ndabout 3.2watts/-»- 

cm to the processing chamber to generate the 
plasma. 


26. A method as daimed in daim 24. wherein deposit- 
ing the passivatlng layer comprises: 

introducing a silicon containing gas and a nitro- 
gen containing gas into a process chamber 
containing the substrate; 

initiating a plasma in the process chamber 
reactmg the silicon containing gas and the' ni- 
trogen containing gas in the presence of the 
plasma to deposit the passivatlng layer com- 
prising silicon and nitrogen. 


-27. A method as daimed in daim 26, wherein the silicon 
containmggasiss lectedfr m the group of silane 
methybilane, trimethylsilane, substituted deriva- 
wv s thereof, and combinations thereof. 
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28. A method as clafmed in claim 26 or daim 27, where- 
in the nitrogen containing gas is selected from the 
group consisting f ammonia, nitrogen, nitrous x- 
id , and combinations thereof. 

5 

29. A method as claimed in any of claims 26 to 28, 
wherein the plasma is generated by supplying a 
power density between about 0.3 watts/cm 2 and 
about 3-2 waits/cm 2 to the chamber. 

10 

30. A method as claimed in any of claims 26 to 29, 
wherein the chamber pressure is between about 1 
Torr and about 25 Torn 

31 . A method as claimed In any of claims 24 to 30, is 
wherein the passhraflng layer comprising silicon 
and nitrogen Is deposited at a thickness between 
about 25A and about 500A. 

20 
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